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Background: Short-term side effects related to mRNA vaccines against SARS-CoV-2 are frequent and both-
ersome, with the potential to disrupt work duties and impact future vaccine decision-making.
Objective: To identify factors more likely to lead to vaccine-associated work disruption, employee absen-
teeism, and future vaccine reluctance among healthcare workers (HCWs).
Hypothesis: Side effects related to COVID vaccination: 1- frequently disrupt HCW duties, 2- result in a sig-
nificant proportion of HCW absenteeism, 3- contribute to uncertainty about future booster vaccination,
4- vary based on certain demographic, socioeconomic, occupational, and vaccine-related factors.
Methods: Using an anonymous, voluntary electronic survey, we obtained responses from a large, hetero-
geneous sample of COVID-19-vaccinated HCWs in two healthcare systems in Southern California.
Descriptive statistics and regression models were utilized to evaluate the research questions.
Results: Among 2,103 vaccinated HCWs, 579 (27.5%) reported that vaccine-related symptoms disrupted
their professional responsibilities, and 380 (18.1%) missed work as a result. Independent predictors for
absenteeism included experiencing generalized and work-disruptive symptoms, and receiving the
Moderna vaccine [OR = 1.77 (95% CI = 1.33 – 2.36), p < 0.001]. Physicians were less likely to miss work
due to side effects (6.7% vs 21.2% for all other HCWs, p < 0.001). Independent predictors of reluctance
toward future booster vaccination included lower education level, younger age, having received the
Moderna vaccine, and missing work due to vaccine-related symptoms.
Conclusion: Symptoms related to mRNA vaccinations against SARS-CoV-2 may frequently disrupt work
duties, lead to absenteeism, and impact future vaccine decision-making. This may be more common in
Moderna recipients and less likely among physicians. Accordingly, health employers should schedule
future booster vaccination cycles to minimize loss of work productivity.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

COVID-19, caused by infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), emerged in late 2019 and
reached a global pandemic level by March 2020 [1]. Unprece-
dented global research efforts produced effective COVID-19 vacci-
nes in record time. The first vaccinations authorized by the US Food
and Drug Administration (FDA) for mass-dissemination were the
BNT162b2 mRNA (Pfizer-BioNTech) and mRNA-1273 (Moderna)
vaccines, with the first doses becoming available for healthcare
workers (HCWs) in December 2020 [2]. Real-world analysis
demonstrated these vaccines significantly reduced infections,
emergency room visits, hospitalizations and death due to COVID-
19 [3–7]. Nevertheless, initial uptake of vaccination was variable,
even among HCWs [8,9]. While vaccine hesitancy is rooted in many
factors, concerns over side effects remain most compelling
[10–21].

Adverse events following injection may also affect daily activi-
ties and workplace performance. Effective vaccination enhances
work productivity and cost savings by minimizing absenteeism

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2022.04.046&domain=pdf
https://doi.org/10.1016/j.vaccine.2022.04.046
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related to the disease itself [22–25]. However, there is a paucity of
data exploring the negative occupational consequences of vaccine-
related side effects in the healthcare arena. This is because adverse
events due to established vaccinations such as against influenza
are infrequent, mild, short-lived, and thus unlikely to substantially
impact work performance [26]. In contrast, short-term side effects
related to available COVID-19 mRNA vaccines are common and
bothersome. Initial safety data for both mRNA vaccines showed
that systemic symptoms such as fatigue and headache each
occurred in over 50% of vaccination recipients after the second
dose [27–29]. More recent cross-sectional studies reveal at least
one generalized symptom is reported in up to 66% [30–32]. In a
study of Moderna vaccine recipients, 25% of HCWs had trouble per-
forming their daily activities shortly after vaccination [31]. Such
disruptive symptoms occurring at work have the potential to com-
promise performance.

Waning immunity to initial vaccination and evolving virus vari-
ants have led to implementation of COVID-19 vaccine booster
doses, which may become routine for HCWs [33–39]. Accordingly,
our primary goal for this study was to better characterize the prac-
tical short-term impacts of COVID-19 vaccination among HCWs,
and identify factors more likely to lead to vaccine-associated
employee absenteeism. This may help healthcare employers plan
the vaccination of their labor personnel and minimize simultane-
ous truancy which could result in critical shortage of an already
depleted workforce. To this end, we surveyed a large, heteroge-
neous sample of COVID-19-vaccinated healthcare workers in two
large health systems in Southern California. We postulated that
symptoms related to COVID vaccination would frequently disrupt
HCW duties and result in a significant proportion of HCW absen-
teeism. We further hypothesized that side effect-related worker
absenteeism would be influenced by certain demographic, socioe-
conomic, occupational, and vaccine-related factors, and could also
impact future vaccination decision-making.
2. Methods

We conducted an online, cross-sectional survey of HCWs at two
large hospital systems (academic and private) in Southern Califor-
nia. The study protocol was reviewed by the respective IRBs of each
participating institution and deemed exempt. Both hospitals
started vaccinating their HCWs against COVID-19 on December
17, 2020.

2.1. Sample and recruitment strategy

Recruitment occurred relatively early after vaccine dissemina-
tion; between February 5–26, 2021 at the academic hospital, and
April 3–17, 2021 at the private hospital. We distributed the online
Qualtrics survey via institution-wide email listservs, with 8,848
recipients at the academic hospital and 3,062 recipients at the pri-
vate hospital. To encourage participation, two reminder emails
were sent, and the survey was anonymous and voluntary.

2.2. Survey design and measures

We designed the survey to achieve two distinct goals: 1) ana-
lyze HCW attitudes toward COVID-19 vaccination to identify clus-
ters or groupings predisposed to vaccine hesitancy, which in turn
might aid in tailoring vaccine education programs (reported in
another manuscript); [40] and 2) assess the practical work-
related impacts of vaccine-associated side effects, which might
assist health employers in planning future vaccination booster
schedules (the focus of the present report). A working group devel-
oped the measures, and the survey was based on previous ques-
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tionnaires conducted amongst the 2009 H1N1 flu pandemic. It
was pilot-tested with seven healthcare professionals and revised
to ensure readability and understandability. The final survey
included exclusively forced-choice questions to avoid missing data.

The survey instrument relevant to this study was composed of

five parts: 1) Demographics: including age, gender, race, ethnicity,
education level, self-reported history of chronic illness, income

level, household size; 2) Occupational characteristics: including
HCW position, hospital system, work setting, medical specialty;

3) Experience with COVID-19 and vaccination: including self-
reported infection with SARS-CoV-2 prior to vaccination, type of
vaccination received, and frequency, type, timing, and duration of
short-term local and generalized side effects, per dose and type

of vaccination; 4) Severity and impact of COVID-19 vaccination-

related side effects within five days of injection: vaccinated survey
recipients were asked if and to what extent they experienced side
effect-related work duty disruption (none, mild, moderate, severe),
work absenteeism (no, yes, number of days), and need for medical
attention (medications to treat symptoms, emergency room visit,

need for hospitalization); 5) Reluctance toward future COVID-19

booster vaccination: vaccinated survey recipients were asked if they
would take a booster in the future if it was realized that their orig-
inal vaccination did not provide life-long immunity. We considered
the answers ‘unsure,’ ‘probably not,’ and ‘definitely not’ indicative
of future booster reluctance. They were then asked to select the
reasons for their hesitancy, including concerns about short term
side effects, unrealized long-term side effects, efficacy, fertility,
and other commonly reported motives.

2.3. Statistics

A parsimonious model was built using the purposeful selection
process outlined by Hosmer-Lemeshow. Any covariate having a
significant univariate Wald test from univariate logistic regression
and p-value cut-off of 0.25 was selected as a candidate for the mul-
tivariable analysis. Covariates were removed from the model in an
interactive process if they were non-significant or not a con-
founder. Statistical significance was evaluated at the 0.05 alpha
level and confounding as a change in any remaining parameter
estimate greater than 15% compared to the full model. Variables
that were not selected for the original multivariable model were
added back stepwise, with significant covariates and confounders
retained in the model.

Logistic regression models were built using generalized linear
models with binomial error distributions and logit link functions.
Models were compared using partial likelihood ratio tests to eval-
uate the parsimonious model interactions among all possible pair-
wise covariates. Hosmer-Lemeshow Goodness-of-Fit tests were
conducted as a summary measure of model fit [41].
3. Results

3.1. Sample and vaccine-related symptom characteristics:

Overall, 2,491 HCWs answered the survey (20.9% response
rate), with 2,103 (84.4%) being vaccinated. Of the vaccinated sam-
ple, 2,002 (95.2%) had taken both available doses and 101 (4.8%) a
single dose. A majority (70.1%) received the Pfizer vaccine, and the
rest Moderna.

Table 1 presents the descriptive characteristics of the
vaccinated sample. The cohort consisted of 32% nurses, 22% physi-
cians, and 7% administrators. The remaining 39% was a heteroge-
neous mix of other health worker types, each comprising 4% or
less of the entire sample. These included, in descending order of



Table 1
Respondent characteristics, frequency of vaccine-related work-disruption and work absenteeism due to side effects.

Total sample,
n (%)a

Experienced side effect-related work disruption Missed any work due to side effects

Overall: n (%)b 2103 (100) 579 (27.5) 380 (18.1)
Demographics: n (%)
Female 1543 (73.4) 460 (29.8)***c 309 (20.0)***
Non-female 560 (26.6) 119 (21.3)*** 69 (12.3)***

White 1514 (72.0) 425 (28.1) 258 (17.0)
Non-white 589 (28.0) 154 (26.2) 122 (20.7)

Hispanic 462 (22.0) 128 (27.7) 99 (21.4)*
Non-Hispanic 1641 (78.0) 451 (27.5) 281 (17.1)*

Born 1965 or after 1524 (72.5) 460 (30.2)*** 298 (19.6)**
Born before 1965 579 (27.5) 119 (20.6)*** 82 (14.2)**

Medical history: n (%)
Has a chronic medical condition 694 (33.0) 183 (26.4) 127 (18.3)
No chronic medical condition 1409 (67.0) 396 (28.1) 253 (18.0)

Severe allergy to food or med 309 (14.7) 121 (39.2)*** 67 (21.7)
No severe allergy to food or med 1794 (85.3) 458 (25.6)*** 313 (17.4)

Prior COVID diagnosis 210 (10.0) 64 (30.5) 39 (18.6)
No prior COVID diagnosis 1893 (90.0) 515 (27.2) 341 (18.0)

Socioeconomics: n (%)
Income more than $100,000 1421 (67.8) 377 (26.5) 243 (17.1)*
Income $100,000 or less 524 (25.0) 157 (30.0) 113 (21.6)*

Household members more than 2 1145 (54.4) 340 (29.7)* 225 (19.7)*
Household members 2 or less 958 (45.6) 239 (25.0)* 155 (16.2)*

Health system: n (%)
Academic 1385 (65.9) 436 (31.4)*** 279 (20.1)***
Private 718 (34.1) 143 (20.0)*** 101 (14.1)***

Occupation: n (%)
Nurse 683 (32.5) 202 (29.6) 138 (20.2)
Physician 454 (21.6) 119 (26.2) 30 (6.7)***
Other health care provider 821 (39.0) 220 (26.8) 182 (22.2)
Administrator 145 (6.9) 40 (27.6) 30 (20.7)

Specialty: n (%)
Surgical 268 (12.7) 65 (24.3) 47 (17.5)
Non-surgical 1835 (87.2) 496 (27.3) 333 (18.2)

Pediatrics 289 (13.7) 83 (28.7) 63 (21.8)
Adult 1814 (86.3) 496 (27.3) 317 (17.5)

Work setting: n (%)
Outpatient – clinic 725 (34.5) 209 (28.8) 124 (17.1)
Outpatient – ER / urgent care 147 (7.0) 45 (30.6) 18 (12.2)*
Inpatient – ICU 485 (23.1) 126 (26.0) 93 (19.1)
Inpatient – non-ICU 704 (33.5) 187 (26.6) 139 (19.7)

a. Column 2 shows the incidence (n) and proportions (%) of respondents with a given characteristic (row) among the total sample.
b. Columns 3 and 4 show the incidence (n) and proportions (%) of respondents with the given characteristic in that row exhibiting the designated outcome of each column.
c. Comparisons are between proportions of respondents with and without a characteristic type (grouped rows) exhibiting a designated outcome. For occupation and work
setting categories, each type is compared to the others in the group. Evaluations were performed using chi-square analysis.
Statistically significant differences: * p < 0.05, ** p < 0.01, *** p < 0.001.
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representation, advanced practice providers, respiratory therapists,
pharmacists, patient care and medical assistants, social workers
and case managers, technicians of various types, those providing
nutritional, clerical, or custodial services, and speech, physical
and occupational therapists. Most HCWs worked in a non-
surgical setting (87%) and managed an adult patient population
(86%). Twenty-three percent worked in an ICU. The majority of par-
ticipants was white (72%), non-Hispanic (78%), women (73%), and
born after 1965 (73%). At least one chronic medical condition
was present in 33% of the sample, a severe allergy to food or med-
ication in 15%, and allergy to previous vaccination in 1%. Ten per-
cent of respondents had been diagnosed with COVID-19 by a PCR
test prior to receiving their first vaccination dose.

Across the two-dose vaccination cycle, 89% of recipients
reported at least one local short-term side effect, such as injection
site pain, swelling or extremity weakness. At least one generalized
3176
symptom occurred in 77%. Fatigue, body aches, and headache were
most common, with all three occurring in 28% of second dose
recipients. Most symptoms presented within the first two days
after injection, and in 80% of individuals lasted less than three days.
Severe side effects or anaphylaxis attributed to vaccination were
reported by 1.6%. Only 0.7% required an emergency room or urgent
care visit, and none needed hospitalization.

3.2. Impact of vaccine-related side effects

Among the 2103 vaccine recipients, 706 (34%) reported experi-
encing side effects while at work, 579 (28%) had side effect-related
work disruption, and 221 (11%) described their symptoms as mod-
erately or severely disruptive to their professional responsibilities.
In addition, 380 HCWs (18%) reported missing work due to
vaccine-related side effects. A large majority (93%) were absent
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for only two or fewer days. Bivariate analysis identified multiple
factors associated with side effect-related work disruption and
work absenteeism (Table 1).

After adjusting for demographics, medical background, and
occupational and socioeconomic variables, we found white race,
young age, receiving the Moderna vaccine, and receiving both
doses were independently associated with side effect-related work
disruption (Table 2). Independent predictors for work absenteeism
included experiencing generalized symptoms [OR = 26.99 vs local
effects only (95% CI = 8.51 – 164.15, p < 0.001)], having side
effect-related work disruption [OR = 2.55 (95% CI = 1.92 – 3.38,
p < 0.001)], and receiving the Moderna vaccine [OR = 1.77 (95%
CI = 1.33 – 2.36, p < 0.001), Table 3]. In addition, compared to
physicians, nurses were 3.38 times more likely to miss work
(95% CI = 2.18 – 5.41, p < 0.001), administrators 3.31 times more
likely (95% CI = 1.75 – 6.22, p < 0.001), and all other health provi-
ders 3.60 times more likely (95% CI = 2.31 – 5.78, p < 0.001;
Table 3). Neither trainee status (5.9% for residents and fellows vs
7.0% attending physicians, p = 0.83) or health system type (6.8%
for academic vs 6.4% private, p = 1.0) impacted the likelihood of
physician absenteeism.

In our adjusted model, relevant factors not associated with
either side effect-related work disruption or work absenteeism
were gender, ethnicity, socioeconomic status, medical specialty,
practice setting, underlying medical comorbidities, and previous
COVID-19 diagnosis.

Of the entire vaccinated sample, 683 (33%) had not definitively
decided that they would take future booster doses if needed. Those
who missed work due to vaccine-related symptoms were more
likely to cite concerns over long and short-term side effects as rea-
sons for reluctance toward future vaccination (Fig. 1). Work absen-
teeism did not influence other commonly expressed concerns.
Table 2
Parameter estimates showing predictors of experiencing vaccine side effect-related
work disruption.

Variable Odds
Ratio

95% Confidence
Interval

p

Gender and race
Female 1.32 0.99–1.78 0.058
Non-white* 0.68 0.51–0.89 0.007

Age (compared to Born before 1965)
Born 1965–1980* 1.45 1.02–2.06 0.039
Born after 1980* 1.81 1.30–2.54 <0.001

Vaccine
Moderna (compared to Pfizer)
*

1.66 1.27–2.16 <0.001

2 doses received (compared
to 1)*

2.02 1.10–3.92 0.030

* Statistically significant.

Table 3
Parameter estimates showing predictors of work absenteeism.

Variable Odds
Ratio

95% Confidence
Interval

p

Occupation (compared to Physician)
Nurse* 3.38 2.18–5.41 <0.001
Administrator* 3.31 1.75–6.22 <0.001
Other health provider* 3.60 2.31–5.78 <0.001

Side effects
Work-disruptive (compared to
not)*

2.55 1.92–3.38 <0.001

Generalized (compared to
localized only)*

26.99 8.51–164.15 <0.001

Moderna (compared to Pfizer)* 1.77 1.33–2.36 <0.001

* Statistically significant.
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Independent predictors for hesitancy about future vaccination
included lower education level, younger age, having received the
Moderna vaccine, and missing work due to vaccine-related symp-
toms (Table 4).
4. Discussion

We surveyed a large cohort of healthcare workers across two
large institutions in southern California and found that COVID-19
vaccination-related side effects have a substantial impact on
work-related duties, and lead to absenteeism. HCWs who experi-
enced generalized and work-disruptive side effects, and those
who received the Moderna vaccine were more likely to miss work,
while physicians were less likely compared to other HCWs. Work
absenteeism, in turn, was associated with reluctance to obtain
future booster vaccination. To our knowledge, to date this is the
largest cohort analyzing the predictors of COVID-19 vaccine-
associated symptom impact on work duties, absenteeism, and
future booster vaccination.

The motivation for our study arose from multiple anecdotal
observations at our institutions soon after the introduction of the
initial two-dose vaccination cycle. There was a noticeable rise in
HCW absentee rate. Also, HCWs were frequently seen working
with ‘flu-like’ symptoms. ICU nurses would report fatigue and body
aches throughout a 12-hour shift within a few days post-
vaccination. Faculty physicians would attend clinic with high fever.
Resident and fellow trainees having received their vaccinations in
the morning, by their overnight call shift would appear diaphoretic
and in a state of ‘brain fog.’ These occurrences seemed more sub-
stantial than during a typical influenza vaccination period. If such
side effects were widespread, simultaneous en masse vaccination
could not only have a significant impact on workforce productivity,
but also potentially affect patient safety.

We found COVID-19 vaccine-related symptoms to be common
among and bothersome to HCWs, consistent with previous data
analyzing the two available mRNA vaccines [27–29]. More impor-
tantly, over a quarter (28%) of the HCWs in our survey reported
experiencing side effects they considered disruptive to their work
duties. Almost one out of five (18%) missed work as a result. Not
surprisingly, those who had generalized symptoms (rather than
local symptoms alone) and experienced work-disruptive side
effects were more likely to miss work. These findings are in stark
contrast to influenza vaccination. According to the US FDA/CDC
Vaccine Adverse Event Reporting System (VAERS), generalized
complaints are mild and occur in <10% of individuals after seasonal
influenza shots [26]. In a randomized trial, in the week following
injection, systemic side effects among healthy adult influenza vac-
cine recipients were no more common than in those receiving pla-
cebo [42]. Another study analyzing both the 2009 pandemic and
2010 seasonal influenza vaccinations reported that systemic symp-
toms of myalgias and fatigue, with or without fever, resulted in
missed work or medical consultation in only about 1% of individu-
als in the week after injection [43].

We found the Moderna vaccine was more reactogenic com-
pared to Pfizer. Moderna recipients more frequently self-
medicated for post-vaccination side effects and were more likely
to report that the symptoms disrupted their work duties (Fig. 2).
Furthermore, 27.0% of HCWs who took Moderna missed work after
vaccination, almost twice the rate of Pfizer recipients. Interestingly,
this was independent of the type, frequency, and magnitude of side
effects reported, suggesting a possible inherent and unaccounted
for characteristic of the Moderna vaccine contributing to absen-
teeism. For example, Moderna was made available a few weeks
after Pfizer. It is possible that Moderna recipients, responding to
anecdotal reports of side effects occurring among colleagues



Fig. 1. Frequency of reported reasons for reluctance toward future booster vaccination in health care workers who missed work due to vaccine-related symptoms, compared
to those who did not miss work. Group comparisons were evaluated using chi-square analysis; * p = 0.02; ** p < 0.001.

Table 4
Parameter estimates showing predictors of hesitancy for future vaccination.

Variable Odds
Ratio

95% Confidence
Interval

p

Education (compared to Graduate degree)
Bachelor’s degree* 1.66 1.31–2.10 <0.001
Associates degree or less* 1.81 1.41–2.33 <0.001

Age (compared to Born before 1965)
Born 1965–1980 1.07 0.82–1.40 0.600
Born after 1980* 1.60 1.25–2.05 <0.001

Missed work due to vaccine side
effects*

1.37 1.06–1.76 0.015

Moderna (compared to Pfizer)* 1.95 1.57–2.42 <0.001
Would not recommend vaccine to

family or friends*
18.73 8.59–49.22 <0.001

* Statistically significant.
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receiving Pfizer injections, began preemptively missing work in
anticipation of their own symptoms. Our survey did not distin-
guish between unplanned and planned work absences.

Among healthcare worker types, we found physicians to be over
three times less likely to report having missed work due to
vaccine-related symptoms. This did not seem to vary based on
physician type (faculty or trainee) or hospital system (academic
or private), and was despite the fact that physicians exhibited
work-disruptive symptoms as often as other healthcare workers.
These findings may be due to more rigid work schedules, which
limit physicians’ time-off capabilities. In addition, they could be
explained by the more complex and well-described phenomenon
of ‘presenteeism,’ which refers to an inclination to work while feel-
ing physically or mentally unwell [44,45]. While presenteeism has
been reported across multiple HCW occupations [46–48], physi-
cians are frequent culprits. A combination of cultural and logistical
factors, such as perseverance in a competitive environment, fear of
ostracism and job-loss due to appearing lazy or unproductive, a
lack of practical relief-of-duty systems, and concerns over compro-
mising patient care can all contribute to presenteeism [47,49–55].
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Negative consequences of presenteeism include reduced work
performance, compromised patient safety, and HCW burnout
[46,56–58]. We alert health employers to consider this important
phenomenon in the context of COVID-19 vaccination.

Previous studies have reported a higher incidence of post-
vaccine symptoms in younger and female recipients [27,59,60].
This represents a large component of the US healthcare workforce,
particularly among nurses [61]. In our study, we also found young
age to be associated with vaccine symptoms, along with white
race. Female gender had a strong trend toward a statistically signif-
icant association. However, none of these demographic variables
independently predicted work absenteeism. We also did not find
work absences to depend on socioeconomic status, work setting,
practice specialty, or presence of underlying health conditions. Fur-
thermore, there has been concern that individuals with prior natu-
ral SARS-CoV-2 infection may exhibit a more immunogenic
response after vaccination, particularly after the first dose, and
thus be more likely to experience disruptive symptoms [60–62].
However, in our cohort those who had a COVID-19 diagnosis prior
to vaccination did not miss work more frequently after vaccination.

Our study also underscores how practical consequences of side
effects may impact future vaccine acceptance. We found that
work-disruptive symptoms themselves were not independently
associated with uncertainty about future vaccination. This suggests
that HCWs willing to take the initial vaccine are fairly accepting of
future doses, despite experiencing short-term side effects. How-
ever, individuals who missed work due to vaccine-related symp-
toms were indeed more averse to receiving future booster shots.
In addition, they were also more likely to cite concerns over side
effects as the reason for their hesitancy (Fig. 1). Thus, there may
be a critical threshold reached when symptoms become severe
enough to result in practical adverse consequences. Missing work
may produce an anchoring psychological impact, creating an
availability bias and predisposing the individual to indecision
about future vaccination [21,63–65]. While an abundance of liter-
ature already highlights vaccine safety concerns as sources of ini-
tial vaccine hesitancy [10–21], our findings are unique in



Fig. 2. Frequency (%) of impactful effects related to vaccine-associated symptoms, by vaccine type. Group comparisons were evaluated using chi-square analysis; * p < 0.001.
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demonstrating the influence of a negative initial vaccine experi-
ence on future vaccine decision-making.

Moderna recipients were also more hesitant about future boos-
ter vaccination. This was independent of demographics, the type,
frequency, and magnitude of experienced side effects, as well as
work absenteeism. The reason for this is unclear. It is possible that
unaccounted variables in our model, such as secondary sources of
vaccine information including social media [66] or ‘word-of-
mouth,’ influenced HCWs’ impressions of its effectiveness and/or
safety. Also, initial mRNA vaccine data suggesting Moderna’s
greater reactogenicity were already available in early 2021 at the
time of our survey [27,28,67]. HCWs intimately familiar with the
vaccine literature could have thus been implicitly biased against
Moderna’s effects. Our study did not investigate survey respon-
dents’ a priori opinions, concerns, or skepticism about individual
vaccine types. Nevertheless, this bias is likely to persist.

Our findings provide some guidance to health employers on the
scheduling and implementation of future COVID-19 booster vacci-
nation. The principal aim should be to minimize collective work
absenteeism caused by vaccine-associated symptoms, given its
potential impact on both work productivity and future vaccine
decision-making. This may be a more substantial consideration
for organizations primarily utilizing the Moderna vaccine. Depend-
ing on the size, type, infrastructure, and logistical capabilities of a
given health system, mechanisms to achieve these goals could
include any one or a combination of the following:

1- Rotate or space out vaccine schedules. Implementing regu-
lated on-site vaccination programs may facilitate this goal
[68].

2- Avoid simultaneous vaccination of similar HCW types or
entire departments, particularly those difficult to replace
or already suffering from critical shortages (ie. ICU nurses,
operating room staff) [69,70].
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3- Offer voluntary 1–2 days’ duration paid time-off post-
vaccination. Such an ‘authorized absence’ is already avail-
able to US Department of Veterans Affairs healthcare
employees who are unable to work due to an adverse reac-
tion to COVID vaccines [71]. Smaller health systems, such
as skilled nursing facilities, can also capitalize on a similar
provision for small businesses detailed in the American Res-
cue Plan Act, 2021 [72].

4- Encourage or mandate that vaccine boosters are taken on
days of, or immediately preceding, planned time off (such
as weekends or vacation). Partnering with pharmacies or
other delivery systems offering vaccination during late eve-
ning or weekend hours may assist in this effort [73].

These policies should be made available to and reinforced for
the entirety of the healthcare workforce, as vaccine-related work
absenteeism occurs across all demographic, socioeconomic, work
setting, and practice specialty strata. In parallel, HCW presen-
teeism should be globally and publicly discouraged and proper
relief-of-duty systems implemented to help minimize work ineffi-
ciency, medical error, and HCW burnout.

The main limitation of our study is its cross-sectional survey
design, relying on self-report of symptoms and experiences. In
addition, it is limited to its ‘point in time’ of when vaccinations
were fairly new, and detailed information about safety and efficacy
were still accruing. We cannot predict how perceptions have since
evolved in response to a broader andmore comprehensive vaccina-
tion knowledge base, and thus extrapolation of our findings to the
present and future should proceed with caution. Also, our survey
draws conclusions from the initial two-dose vaccination cycle.
The reactogenicity of future booster vaccinations is yet unknown,
though initial data suggest it may be similar to the initial doses
[38,74]. Finally, our response rate of 20.9% introduces the possibil-
ity of non-response bias and thus may not be completely represen-
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tative of the general HCW population. One reason for this relatively
low response could be survey dismissal due to HCW burnout or
‘‘COVID fatigue,” as its distribution followed a significant local
surge. Other possibilities include incomplete survey delivery
resulting from outdated email listservs due to recent workforce
turnover. Nevertheless, this response rate mirrors similar surveys
systematically reviewed by Li et al. [14].

The main advantage of our study is that it provides a unique
analysis of vaccine-related impacts that are thus far inadequately
explored in the literature and have important implications for
health care employers planning vaccination of their workforce.
We employed a large sample size, recruiting from both academic
and private hospital systems and across a broad range of HCWs,
while offering the survey within a short time after vaccine intro-
duction to minimize recall bias.

In conclusion, our findings collectively support the growing
body of evidence that the mRNA vaccinations against SARS-CoV-
2 cause bothersome symptoms and may frequently disrupt work
duties. A substantial proportion of HCWs may miss work due to
vaccine-related effects. Potential impacts include compromised
work productivity and secondary indecision over future booster
vaccination. Accordingly, health employers should implement vac-
cine booster schedules to optimize work efficiency and encourage
vaccine uptake.
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